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A B S T R A C T

Purpose
This study was undertaken to evaluate the effect of prior treatment with radiation therapy or
chemotherapy for unilateral Wilms tumor (WT) diagnosed during childhood on pregnancy
complications, birth weight, and the frequency of congenital malformations in live-born offspring.

Patients and Methods
We reviewed pregnancy outcomes among female survivors and partners of male survivors of WT
treated on National Wilms Tumor Studies 1, 2, 3, and 4 by using a maternal questionnaire and a
review of both maternal and offspring medical records.

Results
We received reports of 1,021 pregnancies with duration of 20 weeks or longer, including 955
live-born singletons, for whom 700 sets of maternal and offspring medical records were reviewed.
Rates of hypertension complicating pregnancy (International Classification of Diseases [ICD] code
642), early or threatened labor (ICD-644) and malposition of the fetus (ICD-652) increased with
increasing radiation dose in female patients. The percentages of offspring weighing less than
2,500 g at birth and of those having less than 37 weeks of gestation also increased with dose.
There was no significant trend with radiation dose in the number of congenital anomalies recorded
in offspring of female patients.

Conclusion
Women who receive flank radiation therapy as part of the treatment for unilateral WT are at
increased risk of hypertension complicating pregnancy, fetal malposition, and premature labor.
The offspring of these women are at risk for low birth weight and premature (ie, � 37 weeks
gestation) birth. These risks must be considered in the obstetrical management of female
survivors of WT.

J Clin Oncol 28:2824-2830. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Approximately 90% of all children with Wilms tu-
mor (WT) survive for 5 years.1 Treatment with ra-
diation therapy to part or all of the abdomen may
adversely affect reproductive function. Early studies
demonstrated an increased risk of fetal death in
women who received abdominal irradiation.2-5

These and other studies included too few offspring
born to women treated with chemotherapy or lower
radiation therapy doses to have the statistical power
to exclude an effect of this treatment on preg-
nancy outcome.6-11

Women who participated in the Childhood
Cancer Survivor Study (CCSS) and received radia-
tion therapy to a volume in which the ovaries were
included or were near had neither an increased

risk of stillbirth nor miscarriage. The offspring of
women who received pelvic irradiation were more
likely to weigh less than 2,500 g,12 and the offspring
of women who received doses greater than 0.5 Gy
were more likely to have infants born before 37
weeks of gestation.13

The National Wilms Tumor Study Group
(NWTSG) completed four studies that evaluated
various doses of radiation therapy and several differ-
ent combination chemotherapy regimens for the tre-
atment of children with various stages of WT.14-18

The NWTSG undertook a rigorous evaluation of the
late effects of therapy in successfully treated patients
(ie, Long-Term Follow-Up Study ([LTFUS]).

A previous report from the LTFUS demon-
strated that women had increased risks of early or
threatened labor and malposition of the fetus. In
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offspring, higher maternal radiation dose was associated with in-
creased rates of low birth weight (LBW) and premature birth and with
higher numbers of congenital malformations.19

This study was undertaken to more thoroughly evaluate the effect
of various doses of flank radiation therapy on the risk of pregnancy
complications, premature birth, and congenital malformations in the
offspring of women and the partners of men treated for WT dur-
ing childhood.

PATIENTS AND METHODS

The original consent documents for National Wilms Tumor Study (NWTS)
-1, -2, -3 and -4, which were approved by the institutional review boards of all
participating institutions, included consent for follow-up of surviving patients
for evaluation of long-term outcomes. Patients became eligible for the LTFUS
on the second anniversary of their date of diagnosis of WT. Five thousand nine
hundred ninety-two of 6,484 patients from US or Canadian institutions who
were treated on NWTS-1 through NWTS-4 were enrolled. Four hundred
thirty-eight patients are known to have died. Two thousand six hundred
forty-three are in active follow-up. Four hundred sixteen are in tracking; 1,051
have been located but have not returned questionnaires within the last 2 years;
791 are lost to institutional follow-up; 254 are being observed at institutions
that have declined to renew their institutional participation in the study; and
399 participants have voluntarily discontinued.

A total of 5,372 of the 5,554 patients not known to be dead by the end of
2006 also had their 15th birthday by December 31, 2006, the closing date for
the study. The NWTS Data and Statistical Center received responses to ques-
tionnaires submitted after their 15th birthday from 2,060 (81%) of 2,532 of the
men and 2,369 (83%) of 2,840 of the women in this subgroup of patients. The
methods for maintaining follow-up, evaluation of maternal and offspring
medical records, and coding of congenital malformations have been de-
scribed previously.19

NWTS radiation treatment protocol specified that the lateral, superior,
and inferior limits of the treatment portals were to encompass the site of the
kidney and associated tumor as visualized on the preoperative excretory uro-

gram or abdominal computed tomography scan. The field was extended
across the midline to include the vertebral bodies. Radiation doses were age
adjusted in NWTS-1 and -2.14,15 In NWTS-3 and -4, lower radiation treatment
doses were employed.16,17 Radiation dosimetry for the flank, gonads, and
contralateral kidney was available for 75 participants of NWTSG LTFUS who
were also participants in the CCSS.20 The CCSS radiation doses were estimated
by using previously published methods and are shown in Appendix Table A1
(online only).21,22

Statistical Methods

Linear associations between radiation dose category, using the radiation
dose to the renal fossa reported on the radiation therapy checklist,14 and
specific pregnancy outcomes were examined with exact tests for trends in
binomial proportions for correlated data.23 These tests account for within-
family correlation and are appropriate for small samples. The trend analyses in
this study did not consider patients who received whole-abdomen irradiation
but only those who received no or flank (tumor bed) irradiation with or
without radiation to extra-abdominal sites as part of the initial treatment.

Associations between the number (0 to � 4) of congenital malforma-
tions found in the offspring with increasing radiation therapy dose to the
parent were evaluated by using an exact test for linear-by-linear association in
a two-way table of frequencies. US national reference data for determining
percentile of birth weight for gestational age were those of Oken et al.24 Exact
Wilcoxon tests were used to compare distributions of birth weight for gesta-
tional age in LTFUS offspring with those for the US reference population.

All exact tests were performed with StatXact version 8 (Cytel, Cam-
bridge, MA). Statistical adjustments for the effects of one risk factor after
accounting for those of another were performed by using logistic regres-
sion with generalized estimating equations to account for potential within-
family correlation.25,26

RESULTS

The patients reported 1,021 pregnancies of 20 weeks or longer gesta-
tion. There were seven reported miscarriages, two elective abortions,
20 stillbirths, 955 live-born singleton infants, and 34 live-born infants

Table 1. Relationship Between Flank Radiation Therapy Dose and Labor Complications by Sex of Wilms Tumor Parent

Parent Sex and
Radiation Dose, Gy

No. of
Offspring

Labor Complication

ICD-642:
Hypertension
Complicating
Pregnancy

ICD-644: Early
or Threatened

Labor

ICD-652:
Malposition

of Fetus

ICD-658.1:
Premature
Rupture of

Membranes

ICD-660:
Obstructed

Labor

ICD-661:
Abnormality
of Forces of

Labor

ICD-663:
Umbilical

Cord
Complications

% No. % No. % No. % No. % No. % No. % No.

Female
None 187 12.3 23 15.0 28 4.3 8 5.9 11 6.4 12 7.5 14 19.3 36
0.01-15.00 49 18.4 9 12.2 6 12.2 6 2.0 1 2.0 1 8.2 4 32.7 16
15.01-25.00 111 20.7 23 25.2 28 6.3 7 4.5 5 6.3 7 6.3 7 27.0 30
25.01-35.00 84 35.7 30 26.2 22 13.1 11 1.2 1 15.5 13 6.0 5 19.1 16
� 35 50 24.0 12 30.0 15 10.0 5 4.0 2 4.0 2 4.0 2 20.0 10
Whole abdomen 18 0.0 0 44.4 8 11.1 2 11.1 2 0.0 0 0.0 0 27.8 5
Exact trend test P � .001 .002 .04 .25 .23 .40 .89

Male
None 55 5.5 3 14.6 8 3.6 2 1.8 1 16.4 9 14.6 8 20.0 11
0.01-15.00 11 9.1 1 0.0 0 18.2 2 0.0 0 18.2 2 27.3 3 27.3 3
15.01-25.00 36 11.1 4 13.9 5 5.6 2 0.0 0 11.1 4 11.1 4 19.4 7
25.01-35.00 41 2.4 1 2.4 1 0.0 0 4.9 2 7.3 3 9.8 4 26.8 11
� 35 22 13.6 3 13.6 3 9.1 2 0.0 0 9.1 2 13.6 3 18.2 4
Whole abdomen 13 23.1 3 0.0 0 0.0 0 0.0 0 7.7 1 0.0 0 23.1 3
Exact trend test P .56 .52 1.0 .95 .23 .59 .90

Abbreviation: ICD, International Classification of Diseases.
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from twin gestations. Twin gestations were excluded from the analysis
because of the known higher risk for prematurity and LBW. Maternal
and child medical records of 700 pregnancies of 20 weeks or longer
duration were reviewed. Twenty-three pregnancies were excluded
because of ambiguity in the site of abdominal irradiation, which left
677 for tabular analysis. Thirty-one additional pregnancies were ex-
cluded from the trend analyses, because the NWTS parent received
whole-abdomen irradiation and could not be assigned to a flank-
irradiation dose category.

Among those included in the analysis, patients who sired a sin-
gleton pregnancy were 53.4 � 38.1 months of age at diagnosis and
32.9 � 5.5 years of age at follow-up. Mothers of a singleton pregnancy
were 55.7�40.3 months of age at diagnosis and 31.2�5.2 years of age
at follow-up.

Complications of pregnancy and labor, including hypertension
complicating pregnancy (International Classification of Diseases
[ICD] code 642), early or threatened labor (ICD-644), malposition of
fetus (ICD-652), premature rupture of membranes (ICD-658.1), ob-
structed labor (ICD-660), abnormality of forces of labor (ICD-661),
and umbilical cord complications (ICD-663), were examined.

In partners of male patients, there was no significant trend in
the risk of any complication with the radiation dose received by the
father. Female patients had significantly increased risk of hyperten-
sion complicating pregnancy (P � .001), early or threatened labor
(P � .002), and malposition of the fetus (P � .04) with increasing
radiation dose (Table 1). The dose-response trend for malposition of
the fetus was not statistically significant, however, when analysis was
adjusted for gestational age (� 37 weeks or � 37 weeks; P � .20). The
frequency of hypertension complicating pregnancy among the
partners of the male patients was 8.4% (15 of 178 patients) com-
pared with 12.3% (23 of 187 patients) among the female patients
who did not receive radiation (P � .17; Table 2). No woman who
received whole-abdomen radiation therapy developed hyperten-
sion complicating pregnancy, but the number of pregnancies was
small (Table 1).

The percentage of infants born before 37 weeks of gestation
increased from 10.2% in female patients who received no radiation
therapy to 22% in those who received greater than 35 Gy

(P � .001). One third of women who received whole-abdomen
irradiation had infants born before 37 weeks of gestation (Table 3).
For partners of male patients, the corresponding increase was from
3.6% to 13.6% (P � .27; Table 3). Percentages of infants with a
birth weight less than 2,500 g also increased with radiation dose,
from 9.1% in female patients who received no radiation therapy to
16% in those who received greater than 35 Gy (P � .01), and from
0% for the partners of the male patients who received no radiation
therapy to 9.1% for the partners of those who received greater than
35 Gy (P � .07; Table 4) One third of the infants born to women
who received whole-abdomen irradiation had a birth weight less
than 2,500 g (Table 4).

The frequency distribution of birth weight percentiles, deter-
mined from US reference population birth weights by gestational age
for the offspring of female patients, was shifted left relative to the
population norm (60% less than the US median; P � .003 by Wil-
coxon test; Fig 1), which indicated that NWTS offspring were rela-
tively small for gestational age. This shift to the left was observed for
offspring of both women who receive irradiation (59% less than the
median; P � .02) and women who did not (61% less than the median;
P � .05). By contrast, the birth weight by gestational age distribution
for offspring of the partners of male patients was shifted to the right
(57% greater than the median; P � .29).

Forty-four of 499 singleton offspring of female participants of
LTFUS and nine of 178 singleton offspring of male participants of
LTFUS for whom medical records were reviewed had one or more
congenital malformations (Table 5; Appendix Table A2, online only).
The percentages of offspring with one or more congenital malfor-
mations whose NWTS parent had received at least 35 Gy of irradi-
ation were 14% (seven of 50 participants) for women and 18%
(four of 22 participants) for men. The trend in the number of
congenital malformations with increasing radiation dose was not
statistically significant (P � .94) for women but was for men
(P � .005; Table 5).

Table 3. Relationship Between Radiation Therapy Dose and Frequency of
Prematurity by Sex of Wilms Tumor Parent

Parent Sex and Radiation
Dose, Gy

No. of
Offspring

Premature (20-36
weeks of
gestation)

No. %

Female�

None 187 19 10.2
0.01-15.00 49 3 6.1
15.01-25.00 111 23 20.7
25.01-35.00 84 19 22.6
� 35 50 11 22.0
Whole abdomen 18 6 33.3

Male†
None 55 2 3.6
0.01-15.00 11 0 0.0
15.01-25.00 36 3 8.3
25.01-35.00 41 1 2.4
� 35 22 3 13.6
Whole abdomen 13 0 0.0

NOTE. P values were exact tests for trend of premature birth with radiation
dose (correlated data).

�P � .001.
†P � .27.

Table 2. Tests for Differences in Adverse Pregnancy Outcomes Between
the Partners of all Male Patients on NWTS and Female Patients on NWTS

Who Received No Abdominal Radiation Therapy

Variable

Unirradiated
Female

Patients (%)

Partners of
Male

Patients (%) P �

Hypertension complicating pregnancy 12.3 8.4 .17
Early or threatened labor 15.0 9.6 .20
Malposition of fetus 4.3 4.5 1.00
Premature rupture of membranes 5.9 1.7 .09
Obstructed labor 6.4 11.8 .15
Abnormality of forces of labor 7.5 12.4 .14
Umbilical cord complications 19.3 21.9 .63
Low birth weight 9.1 3.9 .05
Premature 10.2 5.1 .12
One or more congenital malformations 8.8 5.1 .25

Abbreviation: NWTS, National Wilms Tumor Study.
�Two-sided P value from exact test for a difference between corre-

lated proportions.
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DISCUSSION

We undertook this study to evaluate the effect of treatment for WT on
complications of pregnancy and pregnancy outcome. Previously, we
reported that the frequency of fetal malposition and premature labor
was increased among female WT survivors.19 We have now demon-
strated that the frequency of hypertension complicating pregnancy is
also increased.

The pregnancies identified in this study ended with 955 live-
born singleton infants of known gestational age, of whom 677 were
included in the statistical analyses; this represents, to our knowl-
edge, the largest study conducted to date of offspring of patients
with WT.2-5,27,28 We did not evaluate the outcome of pregnancies of
less than 20 weeks gestation because of the known inaccuracy of
patient recall of such events.29,30

Pregnancy-associated hypertension (pre-eclampsia [eclamp-
sia without chronic hypertension] and transient hypertension)
occurred in 12.3% of pregnancies of women who did not receive
irradiation, compared with 8.4% of pregnancies of the partners of
the male survivors, which suggests that nephrectomy was unlikely
to be a contributing factor to the increased frequency (23.7%)
observed among the female WT survivors who had received irra-
diation. The rate among the women who did not receive irradia-
tion was consistent with those reported for indigent women
(13%)31 and nulliparous women (10% to 20%).32-35 However, the
rate was higher than that reported by the National Center for
Health Statistics, which was 3.9% for all ethnicities combined.36

The National Center for Health Statistics data are based on birth
certificates. Several studies demonstrated that pregnancy-induced
hypertension is under-reported on birth certificates.37,38

The mechanism responsible for the increased risk of pregnancy-
associated hypertension is not known. Some survivors of WT have
syndromes associated with WT1 mutations or deletions that predis-
pose to renal disease. Breslow et al39 reported that the risk of end-stage
renal disease in WT survivors 20 years after diagnosis was 1% for those
with unilateral tumor and 12% for those with bilateral tumors. Pa-
tients with Denys-Drash syndrome, WT aniridia syndrome, or asso-
ciated genitourinary anomalies had end-stage renal disease risks as
high as 90%.39

Survivors of WT who have undergone nephrectomy may be at
risk for hyperfiltration injury and/or hypertension. Compensatory
hypertrophy of the remaining kidney is a well-documented finding
after nephrectomy,40-43 although hypertrophy may be less robust if
the kidney is irradiated.40,44 Although this adaptation may initially
increase glomerular filtration capacity, the later development of glo-
merulosclerosis45,46 and interstitial injury47 may ultimately lead to
deterioration of renal function.

Clinically significant reductions in glomerular filtration rate
(GFR) after nephrectomy have been seen in a minority of survivors of

Table 4. Relationship Between Radiation Therapy Dose and Frequency of
Low Birth Weight by Sex of Wilms Tumor Parent

Parent Sex and
Radiation Dose, Gy

No. of
Offspring

Birth Weight
� 2,500 g

No. %

Female�

None 187 17 9.1
0.01-15.00 49 4 8.2
15.01-25.00 111 14 12.6
25.01-35.00 84 18 21.4
� 35 50 8 16.0
Whole abdomen 18 6 33.3

Male†
None 55 0 0.0
0.01-15.00 11 0 0.0
15.01-25.00 36 3 8.3
25.01-35.00 41 2 4.9
� 35 22 2 9.1
Whole abdomen 13 0 0.0

NOTE. P values are exact tests for trend of low birth weight with radiation
dose (correlated data).

�P � .01.
†P � .07.

< 10 10-25 25-50 50-75 75-90 > 90
0

5

10

15

20

25

30

Birth Weight Percentile

Pr
op

or
tio

n

Expected proportion
Observed proportion

Fig 1. Offspring of female patients who received irradiation.

Table 5. Relationship Between Flank Radiation Therapy and Number of
Congenital Malformations in Offspring by Sex of Wilms Tumor Parent

Parent Sex and
Radiation Dose, Gy

No. of Offspring

Overall

No. of Congenital Malformations

0 1 2 3 � 4

Female�

None 187 171 10 4 2 0
0.01-15.00 49 46 3 0 0 0
15.01-25.00 111 100 9 1 0 1
25.01-35.00 84 78 6 0 0 0
� 35 50 43 5 2 0 0
Whole abdomen 18 17 1 0 0 0

Male†
None 55 54 1 0 0 0
0.01-15.00 11 11 0 0 0 0
15.01-25.00 36 36 0 0 0 0
25.01-35.00 41 38 2 1 0 0
� 35 22 18 3 0 1 0
Whole abdomen 13 12 1 0 0 0

NOTE. P values are exact linear-by-linear association tests of number of
congenital malformations by radiation dose.

�P � .94.
†P � .005.
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WT who did not receive irradiation.40,42,48,49 A comparison between
children with WT who did or did not receive whole-abdomen irradi-
ation demonstrated lower GFR in the irradiated group (73% of nor-
mal) than in the nonirradiated group (95% of normal).50 However,
others did not identify a difference in GFR between WT survivors who
did or did not receive irradiation.42,51,52

GFR and renal compensatory growth were assessed a minimum
of 5 years after nephrectomy in 22 children with WT who had
received abdominal radiation and in 15 children who underwent
nephrectomy for congenital hydronephrosis. The estimated size of
the remnant kidney was increased by 25% in the WT group com-
pared with 42% in the hydronephrosis group. Mean GFR was
significantly lower in the WT group compared with that of the
hydronephrosis group (82% and 92% of healthy controls, respec-
tively).43 Long-term follow-up of children (mean and standard
deviation, 12.9 � 3 years after therapy) with WT found a low GFR
(less than 80 mL/min/1.73 m2 as measured by chromium-51–
EDTA clearance) in 19%. Children whose GFR measurements
were decreased were more likely to have received higher doses of
radiation to the kidney and demonstrated poorer renal growth, as
measured by renal ultrasound.40

The prevalence of microalbuminuria, which is indicative of
glomerular hyperfiltration, after nephrectomy for WT has been
reported in 5%,40 9.4%,40 12.5%,53 and 84%41of those studied.
Diastolic hypertension may also be a late effect of treatment that
includes nephrectomy. In an analysis of 1,171 children treated for
WT whose blood pressure was measured 5 years after diagnosis, 83
(7%) had a diastolic blood pressure greater than the 95th percentile
for age.54

The offspring of women who received flank irradiation for WT
were more likely to have a birth weight of less than 2,500 g than were
those born to women who did not receive flank irradiation. This
finding confirmed the results of several previous studies,2-5 including
that of Chiarelli et al,55 who reported an increased relative risk of
offspring with LBW among women treated with greater than 25 Gy of
abdominal-pelvic radiation, and that of the CCSS, which reported an
increased risk of birth weight less than 2,500 g among women who
received pelvic irradiation.12 None of these studies reported the effect
of the different doses received by the musculoskeletal structures,
uterus, or ovaries from the various treatment volumes included in
their analyses on outcome.

The mechanism responsible for LBW is unknown. The uterine
volume is smaller in adult female survivors of childhood cancer who
received radiation therapy below the diaphragm (median, 34 mL;
range, 8 to 77 mL) than among those who received no radiation
therapy (median, 47 mL; range, 22 to 88 mL).56 Others demonstrated
that damage to both the uterine vasculature and myometrium con-
tributed. Uterine length was significantly less in 10 women with ovar-
ian failure who had been treated with whole-abdomen irradiation.
Endometrial thickness did not increase in response to hormone re-
placement therapy, and no flow was detectable with Doppler ultra-
sound through one or both uterine arteries of these women.57,58 Six of
eight women who received total-body irradiation during childhood or
adolescence for treatment of leukemia had ovarian failure. Four had
significantly reduced uterine volume and no significant endometrial
tissue. Three had no uterine blood flow. Uterine volume, endometrial
thickness, and uterine blood flow all increased significantly after 3
months of physiologic sex steroid replacement, although uterine vol-

ume remained reduced compared with that of women who did not
receive irradiation.59 Others have confirmed the finding of reduced
uterine volume despite sex steroid replacement therapy. In addition,
uterine blood flow did not normalize in three of nine women, despite
treatment with sex steroid replacement therapy.60

We previously reported an increase in the numbers of congenital
anomalies in offspring of female patients on NWTS with increasing
dose of radiation that attained borderline statistical significance, but
we found no such increase for offspring of male patients.18 With the
larger sample size of this study, we find no evidence for an increase in
offspring of women, but instead we find a statistically significant
increase in offspring of men. In view of the small numbers of patients
involved, especially male patients, we are inclined to attribute both the
earlier and present results to the play of chance.

Prior studies have generally not identified higher rates of congen-
ital malformations in the offspring of cancer survivors. The number of
congenital malformations identified in the offspring of the women
who received irradiation was not confirmed to increase with increas-
ing radiation dose. Byrne et al9 reported no statistically significant
increase in the frequency of simple malformations among the off-
spring of female cancer survivors or of the partners of male cancer
survivors compared with the offspring of their siblings. Chiarelli et al55

reported no increase in the risk of congenital anomalies among the
offspring of women treated with abdominal or pelvic irradiation com-
pared with those treated with surgery only, chemotherapy with an
alkylating agent, or treatment with an alkylating agent and abdominal
or pelvic irradiation.

Hawkins et al61 reported congenital anomalies in 3.6% of off-
spring born to women and in 2.6% of offspring born to the partners of
men exposed to potentially mutagenic therapy (ie, radiotherapy in-
volving direct exposure of the abdomen or gonads or treatment
with an alkylating agent). These data were compared with 2.1% of
offspring of unexposed women and 2.6% of the partners of unex-
posed men.

Our study was limited by the use of a mailed questionnaire for the
ascertainment of pregnancy. Our results may be confounded by both
under-ascertainment and ascertainment bias, with women whose
pregnancies were complicated by one or more of the analyzed end
points or whose infant had one or more congenital malformations
possibly being more or less likely to participate.

We conclude that female survivors of WT who received irra-
diation are at increased risk for hypertension complicating preg-
nancy and early or threatened labor and fetal malposition and that
their offspring are more likely to be premature (ie, � 37 weeks
gestation) and of LBW (ie, � 2,500 g). The obstetrical management
of the pregnancies of these women should take these elevated risks
into consideration.
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